1. 


Sol. 


nN 


(i) 


(ii) 
(iii) 


Sol. 


@ F 


A proton, a deuteron and an a-particle, accelerated through 
the same potential difference, are projected into a uniform 
magnetic field with their velocities perpendicular to the field. 
Find the ratio of the radii of their circular paths. 


When a charged particle enters a magnetic field B with 
velocity v, the radius of its circular orbit is given by 


2E 


If E is the kinetic energy, then v = ,/—. 


m 
V2mE 


Bq 
If the particle is initially accelerated through a potential 
difference V,then 


Therefore, r = 


E=qV 
cS 
Therefore, r= sri mi.) — 
Bq BY q 


If m and e are the mass and charge of a proton, then 
mass of deuteron = 27 

charge of deuteron = e 

mass of a— particle = 4m 

charge of a— particle = 2e 


ay tg tg = fs Pf = at 


.. Auniform magnetic field of 30mT exists in the +x direction. 
A particle of mass 1.67 x 10°’ kg and charge +1.6 x 10°C _ 


is projected through the field in the +y direction with a speed 
of 4.8 x 10° m/s. 


Find the magnitude and direction of the magnetic force on 
the particle. 

Find the force if the particle were negatively ‘Para, 
Describe the nature of the path followed by the particle in 
both cases. ) 


= g(¥ x B) , Therefore F\ = F = qvBsinO 
=~ 30x10 x1.6x107'” x 4.8% 10° x sin 90° 
=2.30x 10°"4N 
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Solved Examples 


Sol. 


Sol. 


According to Fleming’s left hand rule, the direction of the 

force is along =z direction. 

(ii) Ifthe particle were negatively charged, the force will 
be along +z direction. The magnitude is same as in (i) 


(iii) In both the cases, the path is a circle of radius 
_ mv _ 167x107" x4.8x10° 


By 1.6x107'9 x30x107 
The circle is in the yz plane. In case (/) the circular motion 
is clockwise and in case (ii) it is anticlockwise as seen from 
the +x direction. 


= 1.67m 


. Acurrent carrying conductor has 8.0 x 10” free electrons 


per metre length, having drift velocity 8.0 x 10° m/s. 
If a magnetic field of 0.10T be applied perpendicular to 
the conductor, then find the force per metre length of the 
conductor. (Assume cross-section to be unity.) 

Current through the wire is given by 

I =nAev, 

=8x107? x1.6x10!? x8x10™ = 1.024A 

Force per metre of wire | 

= BI=0.1 x 1.024 =0.1N/m. 


. A particle of mass 1 x 106 kg and charge +1.6 x 10° C 


travelling with a velocity 1.28 x 10° ms in the +x direction 
enters a region in which a uniform electric field E and a 


‘uniform magnetic field of induction B are present such that 


E,=E,=0, E,=-102.4 kVm" and B, = B,=0, B,=8 x 107 
Wbm”. The particle enters this region at the origin at time 
t=0. (i) Determine the location (x, y and z coordinate) of the 
particle att = 5 x 10° s. (ii) If the electric field is switched 
off at this instant (with the magnetic field still present), what 
will be the position of the particle at t= 7.45 x 10s? 


Let i, j and k be unit vectors along the positive directions 
of x, y and z axes. 


q = charge on the particle = 1.6 x 10°°C 
= velocity of the charged particle = (1.28 x 10° ms"' ) i 


a | 


E =electric field intensity = (—102.4 x 10° V m')k 


B = magnetic induction of the magnetic field 
=(8 x 102 Wb m?) 
RA F, = electric force on the charge . 
= gE =[(1.6 x 10°”) (-102.4 x 10° NJ & 
= (163.84 x 10-"N) (-k) 
F, = magnetic force on the charge = qv xB 
= [(1.6 * 107!) (1.28 x 105) (8 x 107 )N] Gx 7) 
= (163.84 x 10"SN) (k) 


7 The two forces F, and F,, are along z-axis, equal, opposite or 0 =sin” () == 
and collinear. The net force on the charge is zero and hence ili 
the particle does not get deflected and continues to travel 
along x-axis. 


(i) Attimer=5 x 10s particle deviates through an 
x=(5 x 10°) (1.28 < 105) = 6.4m 
.. Coordinates of the particle = (6.4 m, 0, 0 ) 


(ii) When the electric field is switched off, the particle is in the 
uniform magnetic field perpendicular to its velocity only and 


(ii) When d = B = r ,thecharged 


angle of “ as shown in the 


1 
figure, hence 9 = 2 


eo OUR Only a 0 _ Aly _ , d particle completes 
has a uniform circular motion in the x-z plane, anticlockwise (iit) When d= S| a Aa nage 4 ae 
as seen along +yv axis. one semi-circle and deviates through 7, as shown in 
2 
mv 
Now, ——=qvB where r is the radius of the circle the figure, hence 0 = 7 
r “a : xxXxxXXXX 
_ my _ (x10™)0.28x108) _ | | be x x x x 
@B (1.6x107'°(8x1077) x xXAK KX 
The length of the are traced by the particle in xx KXXX 
(7.45-5)x10*s=()() x Wx XX x 


= (1.28 x 10°) (2.45 x 107) 


= 3.136 m= circumference (2rr) d=2r 
: 6. A particle of mass m = 1.6 x 10°?’ kg and charge 
. The particle has the coordinates (6.4 m, 0, 2m) as (x, y, z). q = 1.6 x 10" C enters a region of uniform magnetic field 


of strength 1 T as shown in the figure. The speed of the 


5. A particle of mass m and charge q is projected into a region mens 
particle is 10’ ms". 


having a perpendicular uniform magnetic field B. Find the - 
angle of deviation @ of the particle as it comes out of the 
magnetic field if width d of the region is equal to 


d=2r 


xx xXxX XX: 
xXx XXX 
xx xXx xX XX 


mx x xx 


XXXX XX 


xX XXxXXX 


q 
(i) ae (i) The magnetic field is directed along the inward normal 
q to the plane of the paper. The particle leaves the region. 
(i 2mv of the field at the point F. Find the distance EF and the 
,; angle 0. 
ii) Ifthe directi i : 
Sol. (i) The radius of the circular orbit is given by r= ui - somal : sie ae eis glove tho comment 
ol. (i) e radius of the cir g GB . mai to the plane of the paper, find the time spent 


by the particle in the region of the magnetic field after 
entering it at E, 

Sol. (i) The particle will describe a circu 
is symmetrical about the entr. 
angle 8 = 45°, 

Draw normals to the 
at O, Then O is the ce 
EOF = 90°, therefor 


Centripetal ‘force = 


lar path. Since the path 
ance and the exit point the 


path at E and F and let them meet 
ntre of the circular path. The angle 
e, the path is a quarter of a circle. 


qvB = mor 
q(@r) = mw?r 
d ( Bs , 
sin 8 = —=-—|”’,” a oe ee _ 2mm- 
; rp 2 .2qB.°.2 m = Us QB: 
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_ 2xmx1.6x1 0727 directed perpendicular to OP as shown in above figure. 


perenne -8 ? 
exlo™ x1 6.28x10 Magnetic field at O due to the wire Q is B, = 2 x 10° T, 
‘ r directed dicular to OQ, as show: in the above 
5 5 perpendicular to F 

Since v= r.r = = = ata =0.1m figure. : 
ee us Resultant field at O, 
- - B=2Bp cos 30° (as Bp = Bo) 
». BF = 20E cos 48° = 2x 0.1 x —= =0.1414m =2x2x107 x(¥3/2) 


V2 


= 3.46 x 10° T, parallel to OP 
(ii) Currents in opposite directions: 

Let the current in P be out of the paper and that in Q be - 

into the paper. The direction of B, is as in case (i,. The 
xX XK X X direction B, is shown in figure below and the magnitude 
XxxXxXXX | is same as in case (i). 


(ii) When the field is reversed, the point of emergence 
F is at the same distance on the other side of E. The 
particle now describes three quarters of a circle of the 
same radius. Now the time spent by the particle in the 
magnetic field is the time required to describe three- 
fourths of the circle. 


Resultant field B = 2B, cas 60° 
=2x2x 10° x (1/2) 
=2 x 10°T, perpendicular to PO 


8. A current carrying network is in the shape of a regular 
t= (3/4) x 6.28 x 10° =4.71 x 10% s hexagon of side a. If the current through the field network 


7. Two straight infinitely long and thin parallel wires are spaced is , find the magnetic field at the centre of the hexagon. 
0.1 m apart and carry a current of 10 ampere each. Find Sol. The magnetic field at O has the same magnitude and direction 
the magnetic field at a point distant 0.1 m from both wires due to all the six straight parts. 
in the two cases when the currents are in the (i) same and "Field due to any one part is given by 
(ii) opposite directions. 

Sol. (i) Currents in the same direction: 
Let P and Q be the two wires carrying currents in the 
same direction, out of the paper. The magnetic field at 
O due to the wire P 


_ Hol _ 4nx107' x10 


ae = =2x10°T, 
2nr 2nx0.1 


Bp 


F j E 


p'=-——__0__[gin 30° + sin30°] 
4n(a/2)tan 60° 


_ bo q Ho , ' 
= 2x—|= , directed into the paper. 
2nav3 2 2V3na ae: 


Field due to the whole hexagon is 


34 


B=6B'= N?H0 | directed into the paper. 
ma 
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9: 


Sol. 


10. 


A uniform conducting wire forms a square loop ABCD, A 
Current enters the loop at 4 and leaves at D. Find the magnetic 
field at the centre of the loop. 


B C 


Obviously, the resistance along the path AB + BC + CD is 
three times. the resistance of the parallel path AD. Therefore, 
the current / entering at A divides such that 1/4" flows 
through ABCD and 3/4" flows through AD. The combined 
magnetic field at the centre of the loop, produced due to the 
currents in AB, BC and CD will be equal and opposite to that 
due to the current in AD. Hence, the net field at the centre 
will be zero. 


As shown in the figure, an observer A and a charge q are 
fixed in a stationary frame of reference F’,. Another observer 
B is fixed in another frame of reference F,, which is moving 
with respect to frame F'. Which of the following choices is 


_ (are) correct? 


Sol. 


11. 


(a) Both A and B will observe electric field. 

(b) Both A and B will observe magnetic fields. 

(c) B will observe a magnetic field, but A will not. 

(d) Bwill observe neither the electric field nor the magnetic 
field. 

A charge, whether stationary or moving always produces an 

electric field. Hence, answer (a) is correct. . 

A stationary charge does not produce a magnetic field. 

However, if a charge is moving, it is equivalent to an electric 

current. Hence, it produces a magnetic field. — 

For observer A, the charge is stationary, but for observer B 

it is moving (in opposite direction to the frame F,). Hence, 

answer (c) is also correct. 

In the four loops shown in the figure, all curved sections are 

either semicircles or quarter circles of radii R,, R,, R, and 

R, such that R, > R, > R, > Ry, All the four loops carry the 

same,current. If B,, B,, B, and B, are the magnitude of the 

magnetic fields at the centres of the loops, then rank them 

according to magnitude, greatest fir t. 


Sol. 


12. 


Sol. 


rcles) are on the 


. ici rter Ci 
When the two semicircles (or quart 
5 of the diameter (as in the first and fourth 


e to the two parts are in the 
same direction and hence add up. On the other hand, if the 


opposite side 
figure) the fields at the centre du 


semicircles (or quarter circies) lie on the same side of the 
diameter (as in second and third figure), the fields due to the 
two parts are in opposite directions and hence get subtractes, 
Therefore, fields B, and B, willhave greater magnitudes 
than the fields B, and B,. | 
As per Biot-Savart law, the magnitude of the magnetic field 
at the centre of a curved current carrying elements 1s 


That is the magnitude of the fields is inversely proportional 
to R. Since R, in fourth figure is less than Ry in first figure, 
B,> B,. Thus, B, is maximum. . 

In second figure, the field due to smaller semicircle is 
greater than that due to iarger semicircle. The net field is the 
difference of the two fields. But, in third figure, the combined 
field due to the two quarter-circles will be less than that due 
to the smaller semicircle in second figure. Therefore, the 
field B, < B, 

Thus, B, is the minimum, and B, > B, > B, > B, 


Any two points A and B on a uniform circular conductor 
are connected to a cell. Show that the total induction of the 
magnetic field at the centre is zero. 


Let 1, 1, be the lengths of the two parts and let o be the 
resistance of unit length of the conductor. 
Then the resistance of the two parts are R, =1, cand R,=),¢ 
. . k ‘ 4 : 
Let i,, i, be the currents through the two parts, Since the two 
pants are 1n parallel, their potential differences are equal. 
. dl Ae ’ i(o)=i,(40) or ili), 
rom Biot-Savart’s Law ic i : 
magnetic fields at the cent, the magnetic induction of the 
“Ids a the centre due to the currents i, and i, are 
d Bice tt bb - 
and B, « —> and B, « 22. 
‘ r f 


= 
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Sol. 


3, Apair of station: 


parallel to the } axis such that OS = OR = 


. Whatis the force betv. 


The directions Of these Nelds are opposite to each other, 
Hence the totsi magnetic induction at the centre is 


eae 
B = (B,- By) «} i |- 0 because J, i, = 1, 4, . 


’ 
ty and infinitely long bent wires are placed 
in the XY plane as shown 'n fonre, The wires carry currents 
of i= 10 amperes each as shawn, The segments P and @) are 
0.02 m, Find the 
magnitude and direone. of the magnetic induction at the 
origin O. 


eres of 


. = 10A, OS=OR- 0.02m=r 


The magnetic induction st O due to LR and MS is zero Othe 
p@int is on the line oy ine current) 


Magnetic induction at-O due'to OS, 


B= Bo? — (outward the paper) 
4mr 
Magnetic induction at O due to PR 


B, =— Ee — (outware oe. th e paper) 
“ 4n9r 
Then net induction" O | 
tod .. 07} 1 ) 10“T 

“7... 0.02 
cutward of the pepsi 
-> two cqual charges moving parallel 
to each other with thy «1 7 vc'ocity? 


In figure, the repulsive force between the charges is 


— 


The magnitude of the nagnetic force exerted by one charge 


on the other is Fy, = q3~ 2 


7 ae? | 
Uo gv vo q 4% 

F, = y Salter awe | i otters 
on( te dn df? 


This force is attractive. 


The net force between the charges is 
F =F, - Fy= =: =f) Lag? 
And? | fy * 
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15. 


Sol. 


(a) (b) 

The magnetic field produced by a charge q moving at velocity 
v is shown in (Figure a). Two charges moving side-by side 
with the same velocity is shown in (Figure 5).The net force 
between them is less than when they are at rest i.e.(when 
there is no magnetic force) 

The net force on each of the particles moving with the same 
velocity is less than that when they are at rest. 


‘The figure shows a rectangular current carrying loop PORS 


placed with its longer side parallel to a long straight current 
carrying wire. If J, = 20 A, J, = 16 A, /= 15 cm, b= 6 cm 
and d= 4 cm, find the magnitude and direction of the force 
experienced by the current loop due to the long wire. How 
will the force change if the direction of current in the loop 
is reversed? 


Force on the side PS due to the long straight wire. 


Bolle »_ 2x107? x20x16x 0.15 

2nd 0.04 
= 2.4 x 10“N, towards left 
Force on the side OR due to the long straight wire 
2x107’ x20x16x 0.15 

(0.04 + 0.06) 

= 0.96 x 107 N, towards right 
The forces on the sides PO and RS are equal and opposite 
and so they cancel out. 
Net force on the loop: 
F'= Foy — Fog = 1.44 x LOAN, towards left. 
If the direction of current in the loop is reversed, the 
magnitude of the force remains the same but.its direction is 
reversed, 


Fes = 


OR = 


16. Two long parallel wires carrying current, 2: So ampere 


and / ampere in the same direction (directed into the . 
plane of the paper): are held at P and Q respectively 


Sol. 


— 


(i 


(ii) 


17. 


such that they are perpendicular to the plane of the 
paper. The points P and Q are located at a distance of 
5 metre and 2 metre respectively from a collinear point R 


P Q eR 
X 


\ 25A I <2 m— 
'————— § m——! 


(4) An electron moving with a.velocity of 4 < 10° m/s 
along the positive \-direction experiences a force of 
magnitude 3.2 x 10° N at the point 2. Find the value 
of current /. . 

(i) Find all the positions at which a third long parallel wire 
carrying a current of magnitude 2.5 ampere may be 
placed so that the magnetic induction at R is zero. 


The magnetic field induction at point R due to current in 
wires P and Q is given by 


B=B,+B, =| Hot, Bole 
> 2nd, 2nd, 


~ seat 23.4 ; . 
= 2x10 or welt along negative Y-axis | 
=) ' 


= -107 04 D7 b=) 
Lo 


where 2x10’ and j being the unit vector along 
20 SOR, 


Y-axis. 


We know that F = qvB 

= (-1.6 x 107%) x {(4* 10° 7) x {-107(1 +1) J} 

=64x 107 (1+2) 

According to the problem, 

64x 1027! (1+) =3.2 x 10% 

-. [=4 ampere 

Let the third wire be placed at a distance ’x on the left of R. 

Suppose the wire carries a current upwards perpendicular 

to the plane of paper. Now 

B=B,+B,+B, 

= Ho 4 + In + 8) =0 
2m\d, d, x 

(:. Directions of J, and /, are along negative Z-direction 

and direction of J, is along positive Z-direction ) 


.. x = J metre 
Note: If the direction of current in the third wire will be 
inward (negative Z-direction), then 


“oo x =I metre . 
Henceé the third wire may be p 
X-axis. 


laced at +1 metre from R along 


urrent / is placed in the x-y plane as 


A wire loop carrying 4 ¢ 
shown in the figure. 


(i) 


(ii) 


Sol. (i) 


(i) 


Ifa particle with charge +Q and mass ™ is placed at the 
centre P and given a velocity V along NP (see figure ), 
find its instantaneous acceleration. 


niform magnetic induction field B = pj. 


[fan external u : 
e torque acting on the 


is applied, find the force and th 
loop due to this field. 


a 
R= = 
te 


B, = magnetic induction at 

chord NM 

ed Hy £(cos30° + cos 30”) (-h) 
4n a 


P due to current / in 


ome, 
- 


_ 
0k 
i 
iS) 
ee el 
| 
be 


ef eel 


Hol 2N3 _ 2, = Hol 2V3 , directed into the plane o! 
4n a 4n a 
figure. 


B, = the magnitude induction at P due to arc MN 


2 12 
Bo Sot outward from the plane of figure = Ee’ =i 
4na 3 . . 4na 3 
B =net magnetic induction at P due to the loop 

I 2 : ; : 
re fat] a5 _ 2) directed into the plane of the figure 

4na 3 

= oz 


(1.369)(-k) tesla 
4na 


_V =velocity of +O charge at P 


F= OVxB 
(F)=(0) | 424¢.369)| 


(V and B are perpendicular to each other 
perpendicular to NP in the XY plane towards the loop 
. @ = acceleration of the charge at 


F ov 
p=—= Or [sooo £] 
m m 4n a 


perpendicular to NP in YY plane towards the loop. 


When a uniform magnetic field is introduced alons 


X-axis, the loop int the YY plane will be parallel to the 


ee inductioh’and hence experiences zero net forct 
u experiences; only a torque 7 given by 
t=IAxB 


— 


A sat 


‘Aeiory - 
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18. 


Sol. 


19. 


Sol. (i) The force acting on each side of the loop are shown in 
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A = area vector of the coil 
: 
— ma l i R ; 
= ae c0s309 2 fi, B= Bi 
V3 


ae nm V3 a 4 
Ms ie1= ane?) 2-8 lexi, T is along Y-axis 


V3 A 
‘’ T=Ja* n_NS } 
Tt @(3 Ba; 


A loop of flexible conducting wire of length / lies in a 
magnetic field of B perpendicular to the plane of the loop. 
Show that when a current is passed through the loop, it opens 
into a circle. Also calculate the tension developed in the wire 
if the current is 7 ampere. 


The situation is shown in figure. Force on every element is 


iBdl. This is perpendicular to the element. Hence the loop 
opens into a circle. 


Now, 27 sin = iBdl 
or YTa=iBdl ( sin = = for small angle 


pi ee — ye E & «| iBT ce nr =) 
a r z 


A rectangular loop of length / and width b carrying a current 


1, is placed in the neighbourhood of a long straight wire 

carrying current J, and shown in figure. 

(i) Find the net force acting on the loop 

(ii) Find the work done to increase the spacing between the 
loop and the wire from a to 2a. 


2 
I; 
I / 
— == 
| «> 4 


b 


figure. Obviously, the magnitude of F, is equal to that 
of F,. Thus, there is no net vertical force on the loop. 


The magnitude of F, and F;, are 
_ Holla! 
2na * 2n(a+b) 


— 


20. 


Sol. 


The net force on the loop is horizontal and it is attractive. 
a Pee 
Fre = Fj - F2 -|+-— 
(ii) If F is the instantaneous force acting on the loop when 
its separation from the wire is x, then the work done to 
increase the spacing from a to 2a is 


2a ° 
bolita 1 | 
a F - S| 1 ee 
W jee where ae. 


riihsa. F 
Thus, w = bola" ze [-a-[—a 
21 “i : x+b 
Holi Zo! 


or W =———In 
2m 


2(a+b) 
2a+b 


A square frame ABCD of side a= 10 cm with a steady current 
i = 2A is near a long straight conductor carrying current 
i, = 5A. The conductor and the frame are in the same plane, 
with the length of the conductor parallel to the side AB and 
CD. Find the work done to move the straight conductor from 
position 1 to position 2. Given that b = 5 cm. 


l 2 


ly 


Let us first find the mutual potential energy between a long 
conductor and a short parallel conductor of length a. When 
they are apart by z the force of attraction between them is 
(Hoii2@) / 2nz . Then the work done by an agent to move it 
from z = / (a large distance) to z = x is 


ge Lollpadz 7 -| Hotdsalns 
! 212 ° 2n 

By definition, this is the mutual potential energy. We can 
now write the mutual potential energy of the loop ABCD 
and the conductor in positions | and 2. Remembering that 
repulsion corresponds to positive potential and attraction to 
negative potential 


U, =  Holtalnd np + c| - a In(a+b)+ c| 


+C(a constant) 


2u 


~ 


= Hohira In b 
2 a+b 


to the two 
Sol. At any point outside the sheets, the fields due 


sheets are equal and opposite and h 
the two fields are equal and 


U,= -| Hokizalnb +c] | Mone in(ae nec] ence add upto zero. At 
2n 


2n 


any point between the planes, 
= Hola ath 


on b in the same direction. 
“2  KZXKKKLKAE AL 
w — 40x10 ate a baaxio’y - 
T 5 gemeanees 

. . . . . . . a Za aa ee 
21. Find the magnitude and direction of the magnetic induction ove ¢ @ ¢ ¢ © © 

due to two infinite planes carrying current of linear density / : ee 

and ~j, one perpendicular into and the other out of the paper. “. B=0 outside and B= py /! : 


seeiuettecisinuteinmpengncaimaninngasiiun omnes arercty sess, ce, cect dined ndbissipasadthicinieallastebabkmsioian’saltssnieenae ip MeCSD 


